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Pemphigus vulgaris antigen (PVA) is a member of the des-
moglein subfamily of the cadherin supergene family. PYA 
has homology to the classical cadherins (e.g., E-cadherin), 
both in its extracellular and cytoplasmic domains. Classical 
cadherins possess certain well-defined and characteristic bio-
chemical properties of both domains. The cytoplasmic do-
main binds fr-, p-, and y-catenins. The extracellular domain is 
protected by calcium from degradation by trypsin. In this 
study we show that PV A does not share these characteristic 
biochemical features. Immunoprecipitation of E-cadherin 
and PV A from human keratinocytes shows that under the 
same conditions in which the catenins co-precipitate with 
E-cadherin, only plakoglobin (which co-migrates with y-ca-
tenin) co-precipitates with PYA. Treatment ofkeratinocytes 
Pemphigus vulgaris antigen (PV A) is defined by autoanti-bodies from patients with the intraepidermal blistering disease pemphigus vulgaris (PV). Recent eDNA cloning ofpV A indicates that it is in the cadherin gene superfam-ily [1]. 
The originally described or classical cadherins (such as E-cad-
herin, P-cadherin, and N-cadherin) have been characterized as cal-
cium-dependent, homophilic cell adhesion molecules [2,3] . Cad-
herins are transmembrane molecules that span the membrane once, 
with an amino terminal extracellular domain and a carboxy-ter-
minal cytoplasmic domain [3]. Both the cytoplasmic and extracellu-
lar domains of classical cadherins have certain well-defined, and 
characteristic, biochemical properties. 
The cytoplasmic domain of classical cadherins binds to iX-, {l-, and 
y-catenins, as determined by co-immunoprecipitation of these mol-
ecules [4-61. This binding is crucial for the proper homophilic 
binding function of cadherins, probably because the catenins pro-
vide a link to the actin cytoskeleton [7,8] . Studies using site directed 
mutagenesis indicate that there is a correlation between binding of 
(X- and {l-catenins and the ability to function in homophilic adhe-
sion: the extracellular domain of E-cadherin does not function in 
adhesion if the cytoplasmic domain does not bind (X- and {l-catenins 
[8,9). 
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Abbreviations: C, 1 mM calcium chloride; dsg, desmoglein; PV, pemphi-
gus vulgaris; PV A, pemphigus vulgaris antigen; PVEC, L-ccll clones ex-
pressing a chimeric molecule with the extracellular domain ofpVA and the 
cytoplasmic domain of E-cadherin; T (C, 0.01 % trypsin in 1 mM calcium 
chloride; T (E, 0.01 % trypsin in 1 mM ethylenediaminetetraacetic acid. 
with 0.01 % trypsin in 1 mM calcium (TIe) does not degrade 
the extracellular region of E-cadherin, but does partially de-
grade that ofpVA. This increased TIC susceptibility ofPVA 
is not due to its cytoplasmic domain, as the same sensitivity of I 
the extracellular domain of PV A to TIC was observed in L 
cell clones transfected with a chimeric eDNA that encoded 
for the extracellular domain of PV A and the cytoplasmic 
domain ofE-cadherin. These data demonstrate that although 
the desmogleins and classical cadherins share striking amino 
acid homologies in both the cytoplasmic and extracellular 
domains, they do not exhibit identical biochemical properties 
and, by extension, may not subserve identical cell biologic 
functions. Key words: desmogleil1/catenil1sjplakoglobinldesmo-
some. J Invest Dermatol1 03: 168 -172, 1994 
The extracellular domain of the classical cadherins has the char-
acteristic property that it is resistant to degradation by trypsin in the 
presence of calcium, but is trypsin sensitive in its absence (10-13]. 
These cadherins have six presumptive calcium-binding domains 
and calcium binding presumably results in a conformation that 
favors homophilic adhesion and protects the molecule from trypsin 
degradation [14,15]. 
Although PVA is in the cadherin gene superfamily, it is actual ly 
more closely related to desmogleins than to classical cadherins and is 
now also called desmoglein (dsg) 3 [161. The desmogleins were 
originally defined as desmosomal transmembrane glycoproteins 
[171. eDNA cloning indicated that they formed a subfamily within 
the cadherin gene superfamily [18-21]. Like classical cadherins, 
desmogleins have a transmembrane domain. that spans the mem- I 
brane once with an extracellular amino terminal domain and a Cat· 
boxy-tern:inal cytoplasmic do~ain. The extracellular domain:s ~f \ 
desmoglel11s and classical cadherl11s are homologous and share SUl11-
lar subdomain structures, including presumptive calcium binding 
sites (Fig 1). The cytoplasmic domain of desmogleins, although 
longer than that of classical cadherins, contains a segment that is 
homologous to the cytoplasmic domain of classical cadherins. Both 
PV A and dsg 1, which is the target of autoantibodies from patien~ I 
with pemphigus foliaceus, bind to plakoglobin inside keratinocytes 
[22]. It has been suggested that plakoglobin may be the same as 
y-catenin [23 - 26), but detailed comparisons by two-dimensional 
gel electrophoresis refute this speculation [27]. Although dsg 1 does 
not bind (X- and p-catenins in MDCK cells [26], it has not been 
directly determined whether PVA in keratinocytes binds (X- an~ 
{l-catenins because direct comparisons of co-precipitates with classi. 
cal cadherins under conditions in which (X- and {l-catenins co-preei, 
pitate, have not been made. 
In this study we directly compare biochemical properties of th~ 
extracellular and cytoplasmic domains of PV A with the classical 
properties of the corresponding domains of E-cadherin. 
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Figure 1. Amino acid sequence homology of PYA and human E-cadherin 
[38]. ECl-S indicates extracel lular subdomains of PYA [1). Overfilled areas, 
putative calcium-binding subdomains. Shaded areas, identical amino acids. 
Overall identity 33%; identity for each extracellular subdomain: ECl, 31 %; 
EC2, 45%; EC3, 33%; EC4, 30%; ECS, 28%. Alignment by Gap program of 
Sequence Analysis Software Package by Genetics Computer Group (GCG) 
[39] . 
MATERIALS AND METHODS 
Antibodies PV sera were from patients with clinically and histologically 
typical PV. These sera showed cell surface sta ining of monkey esophagus by 
indirect immunofluorescence. Anti-mouse E-cadherin antibody (ECCD-2) 
[28) and anti-human E-cadherin antibody (HECD-l) [29) were provided by 
Dr. Masatoshi Takeichi. 
Cell Culture Normal human keratinocytes were cultured in keratinocyte 
serum-free medium containing 0.09 mM calcium (GIBCO-BRL, Gaithers-
burg, MD). When cells were near confluence, they were radiolabeled over-
night with 35S-methionine/cysteine (NEN Express, Dupont, Boston, MA) 
in methionine- and cysteine-free Dulbecco's modified Eagle's medium with 
5% fetal calf serum pre-treated with the chelating resin iminodiacetic ac id 
(Sigma C-7901 , St. Louis, MO) to remove calcium [30). Calcium chloride 
was added to this medium for a final concentration of2 mM to optimize PYA 
synthesis [1). Radiolabeled cells were subjected to trypsin treatment and 
extraction (see below). 
Permanently transfected L-cell clones were cultured in F-12/Dulbecco's 
modified Eagle's medium (1:1) (GIBCO-BRL) with 10% fetal bovine serum 
and 400llg/ml G418 (GIBCO-BRL). 
Permanently Transfected L-Cell Clones Mouse fibroblast L-cell 
clones expressing a chimeric molecule with the PYA extracellular domain 
and the E-cadherin cytoplasmic domain were obtained as described [31) . In 
brief, cDNA constructs expressing the extracellular domain ofPVA and the 
cytoplasmic domain of E-cadherin were subcloned into the pcDNAI ex-
pression vector (Invitrogen Corp., San Diego, CA). The chimeric cDNA 
encodes the first 618 amino acids ofPVA [1 )joined to amino acids 701- 884 
of mouse E-cadherin [32) . This expression vector construct and a neomycin 
resistance gene expression vector (pBA Tneo, provided by Masatoshi Takei-
chi [33]) were co-transfected into L cells (American Type Tissue Culture 
Collection, Rockville, MD) with Lipofectin (GIBCO-BRL). Transfected 
clones were selected with 400 jig/ml G418 and cha.racterized by flow cyto-
metric analys is . 
Trypsin Sensitivity of Extracellular Domains Cultured, radiolabeled 
cells were incubated with 0.01 % trypsin (Sigma T -8003 or GIBCO-BRL 
1:250) in 10 mM Hepes (GIBCO-BRL)-buffered, ca lcium- and magne-
sium-free, Hanks' balanced salt solution (Biofluids 320, Rockvi lle, MD) 
with either 1 mM calcium chloride (T /e) or 1 mM ethylenediaminetetra-
acetic acid (EDTA) (T /E) at 3 r C for 30 min. As a control, some cells were 
incubated without trypsin, just with the buffer plus 1 mM calcium (C). After 
the T /C, T /E, or C incubation, protease inhibitors were added: 1 mM 
phenylmethanesulfonyl fluoride (PMSF, Sigma) and 0.01 % soybean trypsin 
inhibitor (GIBCO-BRL). The incubation medium was removed and the 
cells were then extracted with 1 % Nonidct P-40, 1 % Triton X-I00, 2 mM 
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CaCl2 , 150 mM NaCI in 10 mM Tris-HCI, pH 7.4, with protease inhibitors 
(aprotinin 2 jig/ml, pepstatin 1 jig/ml, leupeptin 2 jig/ml, and PMSF 1 
m.M). These radiolabeled extracts were used for immunoprecipitation analy-
SIS. 
Immunoprecipitation Radiolabcled cell lysates were adjusted to 0.1% 
bovine serum aJbumin, and radiolabeled T /C, T /E, and C incubation media 
were adjusted to 1 % Nonidet P-40, 1 % Triton X-IOO, 2 mM free calcinm, 
0.1 % bovine serum albumin with protease inhibitors as above. Aliquots of 
the cell Iysates (approximately 30 X 106 cpm) or the incubation media 
(approximately 8 X 106 cpm) were preabsorbed with normal human serum 
and/or normal rat senlln and protein G Sepharose (Pharmacia #17-061 8-02, 
Piscataway, NJ). Immunoprecipitations were performed with PV sera 5-10 
jil or approximately 1-10 jig of monoclonal antibodies, and approximately 
12jil of packed protein G beads. The immunoprecipitates were washed with 
0.5% Triton X-I00, 300 mM NaCI in 10 mM Tris-HCI, pH 7.4. After a 
final wash with distilled water, the immunoprecipitates were eluted with 
2% sodium dodecyl sulfate, 100 mM dithiothreitol and electrophoresed on 
8% or 12% Tris-glycine sodium dodecyl sulfate gels (Novex, Encinitas, 
CA). Gels were fixed, treated with Enhance (Dupont), dried, and exposed to 
X-OMAT AR film (Kodak, Rochester, NY) at -70 · C. 
To determine which polypeptides were specifica lly precipitated, all im-
munoprecipitations were performed with control antibodies: normal human 
sera for PV sera, mouse IgG (Becton Dickinson #1360, Sandy, UT) for 
HECD-l, and rat IgG2a (Pharmingen #11021D, San Diego, CA) for 
ECCD-2. 
Flow Cytometric Analysis Flow-cycometric analysis was performed as 
described [31). Briefly, single ce ll suspensions ofL-cell clones were obtained 
with 1 mM EDTA, T /C, or T / E and then washed with washing buffer 
(10% fetal calf serum, 1 mM CaCI2 , 0.02% sodium azide in Hepes-buffered 
Hank's solution) with 10 jig/ml deoxyribonuclease I (GIBCO-BRL). All 
washes and antibody incubations were performed at 4 · C in washing buffer. 
Cells were incubated with PV sera or control bullous pemphigoid sera di-
luted 1 :50. The second antibody was fluorescein-isothiocyanate-
conjugated F(ab'), goat anti-human IgG diluted 1 :40 (Tago, Burlingame, 
CA). Cells were analyzed on a FACScan flow cytometer with Consort 30 
software (Becton Dickinson). 
RESULTS 
PVA Does Not Bind a- and p-catenins Under conditions in 
which immunoprecipitates of E-cadherin, extracted from normal 
human keratinocytes, co-precipitate a-, p-, and y-catenins, immu-
noprecipitated PV A co-precipitates only plakoglobin, which co-
migrates with y-catenin (Figs 2 and 3C). 
PVA Extracellular Domain Is Degraded by TIC When 
human keratinocytes are incubated at 37 °C for 30 min with either 
Cor T /C, E-cadherin is not degraded (Fig 3), a characteristic prop-
erty of classical cadherins [10,12]. However, E-cad herin is degraded 
by T /E [10,12]. Unlike E-cadherin, PYA is more sensitive to degra-
dation by T /C (Fig 3). Immunoprecipitation with ECCD-2 
(against the extracellular domain) of the released fragments of E-
cadherin into the T /C m.edium shows a resistant 80-kD fragment 
(Fig 4), which h as been previously reported to also be released under 
normal culture conditions, and is presumably also a normal meta-
bolic product of cultured cells [11,1 3,34]. Interestingly, T /C de-
grades the PYA into a T /C resistant 35-kD fragment that is released 
into the medium (Fig 4). This 35-kD fragment is not detected when 
keratinocytes are incubated only in C (data not shown) , therefore it 
is not a normal metabolic product and is a result of degradation by 
T /e. When keratinocytes are incubated with T /E they release a 35 
kD fragment ofE-cadherin into the medium, as described [1 2], but 
there is no detectable fragment of PYA (Fig 4). 
These results show a c1earcut difference in the trypsin-sensitivity 
properties of E-cadherin and PV A. PYA is more sensitive to degra-
dation by T /e than is E-cadherin. However, there is a discrete 
fragment of each that is trypsin resistant. It should be noted, how-
ever, that, using these techniques, we can only evaluate immunore-
active fragments and non-immunogenic fragments in the incuba-
tion media would be missed. However, there is unl ikely to be a large 
(i.e., 80 kD) fragment of PYA resistant to T /C because we know 
that PV sera are polyclonal and bind various parts of the extracellu-
lar domain [35] . In addition, because the cytoplasmic and trans-
membrane domain ofPVA is about 40 kD, the extracellular domain 
170 PLOTT ET AL 
aE PV 
Figure 2. In normal human keratinocytes, E-cadherin binds lX-, p-, and 
y-catenins whereas PYA binds only plakoglobin. Immunoprecipitation of 
extracts of metabolically radiolabeled cultured cells with anti-E-cadherin 
antibody ECCD-2 (aE) or PV serum. Solid arrow, PYA; dotted arrow, E-cad-
herin; lX, lX-catenin; p, p-catenin; >, y-catenin (lift lallc) and plakoglobin 
(right lanc), which co-migrate. The identities of lX-, p-, and y-catenins are 
defined by their molecular weights and co-precipitation with E-cadherin [4]. 
The identity of plakoglobin is defined by its co-precipitation with PYA and 
its molecular weight. Previous studies have shown that PV A extracted from 
epidermis and cultured keratinocytes bind a co-migrating 85-kD band [40] 
that has been identified as plakoglobin in epidermal precipitates [22] and is 
presumed to be the same in precipitates ofkeratinocytes. The high molecular 
weight bands in both lanes are non-specifically precipitated. 
would be about 90 kD. 1fT IC results in a 35 kD stable fragment, it 
is unlikely there would also be an 80 kD stable fragment. 
Sensitivity of PYA to TIC Is Not Due to Its Cytoplasmic 
Domain PV A has a cytoplasmic domain that is longer than that 
of E-cadherin. In addition, as shown above, it does not bind £x- and 
{3-catenins, as does that ofE-cadherin. Therefore, we wanted to rule 
out the possibility that the sensitivity ofPVA to TIC was due to its 
cytoplasmic domain, perhaps affecting the conformation of the ex-
tracellular domain. To examine this possibility we constructed a 
chimeric cDNA that encoded the PYA extracellular domain and the 
E-cadherin cytoplasmic domain. This chimeric cDNA was sub-
cloned into a eukaryotic expression vector that was used to transfect 
mouse L cells. Permanently transfected clones, called PVEC, were 
obtained. As a control an L-cell clone, called LEC5, permanently 
transfected with E-cadherin cDNA was obtained. These clones 
have previously been described in detail [31,36]. As determined by 
flow cytometric analysis, PVEC clones express PV A on the cell 
surface, however, as with PYA on keratinocytes, the extracellular 
domain is degraded by TIC and TIE (Fig 5). Immunoprecipitation 
analysis confirmed this TIC sensitivity and also demonstrated that 
the E-cadherin domain of the chimeric PVEC molecule functions 
properly in binding £X-, {3-, and y-catenins (data not shown; [31]) . 
Furthermore, as with PYA in cultured keratinocytes, TIC re-
leases from the PVEC clone a trypsin-resistant 35-kD fragment that 
is not detected in TIE media (Fig 6). In comparison, TIC releases 
the trypsin-resistant 80-kD fragment from LECS cells and TIE 
releases a 35-kD fragment (Fig 6),just as is found with E-cadherin in 
keratinocytes. 
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Figure 3. Unlike E-cadherin, PYA is degraded by TIe. Immunoprecipita-
tion of extracts of metabolically radiolabeled cultured human keratinocytes 
with aE or PV serum after incubation with C, TIC, or TIE solution. See Fig 
2 for explanation of markers. The high molecular weight bands in all lanes 
were non-specificaIly precipitated. 
These data show that the trypsin sensitivity of the PV A molecule 
is not dependent on its cytoplasmic domain. 
DISCUSSION 
Although PV A and classical cadherins are in the same gene super-
family, there are major differences in their biochemistry, function, 
and localization. In this study we demonstrate that PV A and classi-
T/C T/E 
.1 
I 
I 
> * 
aE Mig PV N aE Mig PV N 
Figure 4. An 80-kD fragment ofE-cadherin and a 35-kD fragment ofPVA 
are resistant to degradation by TIC, whereas a 35-kD fragment of E-cad-
herin is resistant to degradation by TIE. Immunoprecipitation of radiola-
beled keratinocyte peptides released by treatment with Tie orT IE with aE, 
mOuse IgG control (MIg), PV serum or normal human serum control (N). 
Asterisk, E-cadhcrin resistant fragments; >, PYA-resistant fragment. 
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Figure 5. Sensitivity of the extracellular domain of PYA to TIC is not 
dependent on its cytoplasmic tail. Flow-cytometric analysis of rwo PVEC L 
cell clones, PVEC 11 and PVEC 32, with PV sera or bullous pemphigoid 
(BP) control serum after incubation of the cells with EDT A alone (E), T IC, 
or TIE shows that the extracellular domain ofPVA is degraded by both T IC 
and TIE. 
cal cadherins do not share the biochemical properties that have been 
said to be characteristic of cadherins, namely the binding of the 
cytoplasmic domain to (l'- and fJ-catenins and the resistance of the 
extracellular domain to degradation by TIe. 
Although PV A and classical cadherins share a cad herin-like cyto-
plasmic segment, we show here that, under conditions in which 
E-cadherin binds (l'- and fJ-catenins , PV A does not. PV A has been 
previously shown to bind plakoglobin [22], which has been shown 
to co-migrate on sodium dodecyl sulfate polyacrylamide gel elec-
trophoresis with y-catenin [23,27]' as we also demonstrate here. 
Although plakoglobin and y-catenin have been suggested to be the 
same molecule [23 - 26], they probably are not [27]. In any case, the 
cytoplasmic domains of PV A and classical cadherins clearly bind 
different sets of proteins in keratinocytes. 
The extracel lular domains ofPVA and classical cadherins are also 
homologous, especially in the several conserved putative calciul11-
binding sites, yet do not demonstrate the same trypsin-sensitivity 
profile (Figs 1 and 7). We speculated that this difference might be 
due to the cytoplasmic domains affecting the extracellular domains 
of these molecules. However, in chimeric molecules we demon-
strated that even with the E-cadherin cytoplasmic domain, the ex-
tracellular domain of PV A demonstrated the same trypsin sensitiv-
ity. Therefore, we conclude that this increased sensitivity of PV A 
compared to E-cadherin is an inherent property of the PV A extra-
cellular domain. The fact that PV A has a 35 kD T IC-protected 
fragment probably relates to its putative calcium-binding sites. 
However, even though these are similar in sequence and location to 
those found in E-cadherin they do not provide the same conforma-
tional protection against trypsin in the presence of calcium. 
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Figure 6. Chimeric PVEC clone shows the same PYA TIC-resistant frag-
ment as keratinocytes. Immunoprecipitation of radiolabeled peptides re-
leased from PVEC clone (lift sjde) or E-cadherin transfected clone (right sjde) 
by T IC or TIE with PV serum or aB. Lille, 35-kD extracellular PYA 
TIC-resistant fragment; arrow, 80-kD E-cadherin TIC-resistant fragment; 
>, 35-kD E-cadherin TIE-resistant fragment. 
Finally, these differences in biochemical findings probably relate 
to differences in subcellular localization and function. Classical cad-
herins have been localized to cel l-cell adherens junctions, which are 
linked to the actin cytoskeleton, whereas PV A (as well as other 
desmogleins) have been localized to desmosomes, which are adhe-
sion junctions linked to the intermediate filament network [37]. 
C lassical cadherins have been shown to mediate strong cell-to-cell 
homophilic adhesion by tranfection and expression in mouse L cells 
[32]. Similar aggregation studies have been performed with PVEC 
cells, and these show only very weak adhesion, demonstrating that 
the extracellular domain ofPVA cannot substitute for that ofE-cad-
herin in adhesion [31] . 
ANTIBODY TO EC DOMAIN 
CELL 
EXTRACT 
c/;]:otk~ 
~./ _PVAI ® PYA "'" 130 kD T/C,& 
I!itjl~jP-'lot"·'~·I· 
124 kD 
RELEASED 
lmI 
80 kD 
lED 
80 kD 
I PYA I 
35 kD 
Figure 7. Schematic diagram to summarize differences in immunoprecipi-
tation of PV A and E-cadherin in cell extracts and medium after incubation 
with C and T Ie. EC, extracellu lar domain; NHK, normal human keratino-
cyte; E-cad. E-cadherin. 
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Taken together, these data clearly demonstrate that although 
desmogleins and classical cadherins are in the same gene superfam-
il y, and share many striking amino acid homologies, we cannot 
extrapolate regarding shared biochemical properties and functions 
of these molecules. 
We thank Dr. Masatoshi Takeiehi for gwerollSly supplying atlti- E-eadherin anti-
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